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 The purpose of this work is to design and to discuss various strategies to 
optimize the production of a wind energy conversion chain based on 
the doubly fed induction generator (DFIG), by capturing the maximum 
power at the wind turbine, using maximum power point tracking (MPPT) and 
pitch control. The proposed controls allow the generator to monitor 
the optimal operating points of the turbines regardless of wind speed 
variations, system parameters disturbance, and parameters variation. 
Simulation of WECS based on a 1.5 MW wound rotor induction generator 
under MATLAB/SIMULINK is carried out using the PI controller (PIC), 
RST controller and fuzzy logic controller (FLC). Analysis and comparisons 
are made for different operating scenarios: Reference tracking, robustness 
under variable wind speed conditions and parameters variation. 
The application of FLC provides a very interesting outcome for 
the robustness and the dynamic challenges. 
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1. INTRODUCTION  
In recent years, the environmental and/or ecological context has become an important or even 
predominant factor. Indeed, the increasing consumption of electric energy in the world, the limitation and  
the progressive depletion of fossil fuels (oil, gas, coal...) characterized by the emissions of carbon dioxide 
produced during their combustion, on the one hand, and the risk of nuclear power plants (uranium radiation) 
with the production of radioactive residues that are difficult to treat for the nuclear power, on the other hand, 
are very real problems that have pushed researchers to exploit other sources of sustainable and more 
environmentally friendly energy. These substitute means are the "renewable energies" [1, 2]. 
The main forms of renewable energies are hydropower, solar thermal, photovoltaic and wind power, 
as well as biomass and geothermal energy. Among all renewable energies contributing to electricity 
production, wind energy was the first to be exploited. It is clearly in a good position, not as a replacement for 
conventional sources, but as a complementary alternative to nuclear energy. Currently, the vast majority of 
wind energy conversion systems use doubly fed induction generator (DFIG), which give the advantage of 
better exploiting wind resources in different wind conditions thanks to its variable-speed operation and  
the use of static power converters associated with control systems [3]. 
A description of the different components of the WECS based on a DFIG is illustrated in Figure 1.  
It can be divided into two main parts. The mechanical part which is composed of the turbine, the gearbox and 
the transmission shaft. Then, the electrical part which is composed of the DFIG whose stator is attached 
directly to the electrical grid, as long as the rotor is linked to the grid through two static bidirectional power 
converters. To optimize the electrical power production of wind turbines, different strategies and control 
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designs were applied to wind turbines in each of the operating zones such as the MPPT control strategy and 
pitch angle control to extract the maximum power.  
With the growing interest in wind power generation through DFIG, several control methods have 
been developed. In general, a control system aims at monitoring a system to obtain a correct functioning of 
the latter. The control allows the system to track the desired response for a given input and to reject  
the effects of disturbances. Unfortunately, when system modelling is difficult, the design of the control 
system can be very complex. This difficulty is caused by strong non-linearities, parametric variations or 
inaccuracies in the internal variables. But in spite of this, several methods have been found to deal with  
the problem, such as sliding mode control (SMC) [4-6], backstepping control (BC) [7-10], non-linear control 
by static or dynamic state feedback [11]. All these techniques have difficulty in that their design is strongly 
dependent on the system model. These difficulties have led in recent years to the development of new control 
techniques based on artificial intelligence (neural networks, fuzzy logic, genetic algorithms...) to control 
these systems. 
In this context, this work focuses on the control of a DFIG-based wind energy conversion system 
(WECS), emphasizing the use of fuzzy logic control and understanding it in conjunction with conventional PI 
and RST-based vector control. Tests of the adapted control strategies will be carried out under  
the Matlab/Simulink software environment. The results of the various tests performed in numerical 
simulation as well as the tests will be presented and interpreted.  
The paper is structured in the following way: Section 2 will be devoted to system description and 
dynamic model. The control strategies are carefully elaborated in section 3, followed by simulation results in 
section 4. We will terminate this work with a brief conclusion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The DFIG-based wind conversion chain 
 
 
2. SYSTEM DESCRIPTION AND DYNAMIC MODEL 
2.1.   Wind turbine 
The aerodynamic torque, which is converted by a wind turbine, is expressed as [12-14]: 
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orientation, Ωt  is the Rotational speed of the turbine, windV  is the wind speed, and S is the area swept by  
the pales of the turbine.  The dynamic of the wind turbine is a function of the mechanical torque ( mT ),  
the total inertia (J), and the coefficient of total friction (K). It is given by: 
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2.2.   DFIG model 
The equations describing the functioning of DFIG are written as follows [15-17]: 
Electrical equations 
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3. CONTROL STRATEGIES 
3.1.   Tracking of the maximum power point of the proposed wind system 
The objective of this part is to develop an MPPT strategy for optimal energy transfer in DFIG-based 
wind energy systems. 
 
3.1.1. MPPT based on PI controller 
The proposed strategy controls the speed ratio λ in such a way that it can be optimal ( optλ ), and 
therefore the torque is adjusted to an optimal value optT at which the power coefficient is maximum  
( PMAXc ) [18], which is given by (6):  
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The studied PI control is illustrated in Figure 2. 
 
 
 
 
Figure 2. Diagram of the MPPT based on PI controller 
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3.1.2. MPPT based on RST controller 
The RST controller is based on the pole placement theory by specifying an arbitrary stability 
polynomial D(p) and computing S(p) and R(p) according to Bezout's equation [19]. 
 
    D AS BR    with :         deg D p deg A p deg S p                                            (7) 
 
The structure of the MPPT based on RST controller is depicted in Figure 3 [20]. 
 
 
 
 
Figure 3. Diagram of the MPPT based on RST controllers 
 
 
3.1.3. MPPT based on fuzzy logic controller 
Fuzzy logic control makes it possible to imitate human reasoning by harnessing the diverse 
information collected in linguistic forms. It was developed by Zadeh in 1965 from the theory of fuzzy subsets 
and has the advantage of tolerating the uncertainty of the model and compensating its effect. The method 
presented below consists of combining the P&O algorithm with a fuzzy controller by taking into account  
the direction of variation of the disturbances. According to Figure 4, we have: 
a. if a positive variation in Speed has caused a positive variation in Power, a positive variation in speed must 
be added; 
b. if a negative variation in Speed has caused a positive variation in Power, a negative variation in speed 
must be added; 
c. if a negative variation in Speed has caused a negative variation in Power, a negative variation in speed 
must be added; 
d. if a positive variation in Speed has caused a negative variation in Power, a positive variation in speed 
must be added. 
In summary, this method is detailed in the Table 1. 
 
 
 
 
Figure 4. MPP tracking method 
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Table 1. MPP tracking 
E 
DE 
 NB NM NS AZ PS PM PB 
NB NB NB NB NB NM NS AZ 
NM NB NB NB NM NS AZ PS 
NS NB NB NM NS AZ PS PM 
AZ NB NM NS AZ PS PM PB 
PS NM NS AZ PS PM PB PB 
PM NS AZ PS PM PB PB PB 
PB AZ PS PM PB PB PB PB 
 
 
To implement this algorithm in a fuzzy controller, we used a  Mamdani model as presented in  
Figure 5 [1, 15, 21]. The proposed controller has two inputs: the variation in DFIG power   and the variation 
in rotational speed, and only one output, which is the optimal speed variation  that ensures maximum 
aerodynamic efficiency. These variables are defined during one sample time. These variables are commonly 
fuzzified by symmetrical triangular membership functions. The fuzzy sets are defined as follows: NB: 
Negative Big; NM: Negative Medium; NS: Negative Small; AZ: About Zero; PS: Positive Small; NM: 
Positive Medium; PB: Positive Big. The fuzzy rules, for determining the output variable of the controller as a 
function of input variables are grouped in Table 1. 
 
 
 
 
Figure 5. Block diagram of fuzzy control 
 
 
3.2.   Pitch angle control strategies 
According to (1), the wind power captured by a turbine is proportional to the cube of the wind 
speed. There is a wind speed from which the mechanical power transmitted by the turbine is greater than  
the nominal power of the electrical machine. Various system elements are sized according to the loads, 
rotation speed and powers corresponding to this wind speed. These elements cannot support values exceeding 
certain limits. It is, therefore, necessary to limit the power captured by the turbine when the wind becomes 
too strong [22].  
 
3.2.1. Pitch angle control based on PI controller 
The value of the pitch angle β varies between 0 ° and 90° to limit the mechanical power at its rated 
value. We will use a method based on the control of the generator power. As described in Figure 6, two PI 
controllers were used. The first PI to generate the reference pitch angle βref and the second regulator to 
control the error between βref and β. The same approach is followed to control the Pitch angle using RST 
controllers. 
 
 
 
 
Figure 6. Pitch angle control using a PI controller 
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3.2.2. Pitch angle control based on fuzzy logic controller 
In this part, the fuzzy logic method without the wind speed measurement, as shown in Figure 7,  
is used. The rotation speed of the generator, the active power tracking error and the variation of the tracking 
error are the inputs of the control. The output of the control is the reference pitch angle βref. 
 
 
 
 
Figure 7. Pitch angle control using FLC 
 
 
3.3.   Rotor side converter control 
The purpose of controlling this converter is to control the stator's powers. 
 
3.3.1. Vector control of DFIG 
The two phases modelling of the machine is used. The reference frame (d-q) is oriented to align  
the axis d with the stator flux [15, 16, 23, 24]. The (3) becomes: 
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The adjustment of the equations (4) and (9) to the chosen axis system and the simplifying 
assumption considered in this case gives: 
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Thus, power control is obtained by adjusting the rotor currents d and q: 
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If F is the model of the process, the current control loop is shown in (12) and (13). 
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The structure of vector control for RSC is illustrated in Figure 8. 
 
 
 
 
Figure 8. Block diagram of the indirect vector control for RSC 
 
 
3.3.2. PI controller synthesis for RSC 
This type of regulators is a combination of both proportional and integral actions. It has the effect of 
improving simultaneously the steady and the transient states [25]. To control the machine side converter by a 
PI controller, we have chosen the structure shown in Figure 9. 
 
 
 
 
Figure 9. A typical PI controller structure 
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The transfer function of a PI regulator is given by the following equation: 
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The open loop transfer function is given by: 
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To compensate the zero of the transfer function we choose: 
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The closed loop transfer function can be expressed as: 
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r  designates the time constant of the system. So the terms pk   and ik   are given by: 
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3.3.3. RST controller synthesis for RSC 
The chosen controller module is as follows [20]: 
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In accordance with the strategy of placing robust poles, the degree of the polynomial D requires us 
to place three poles. This polynomial is first decomposed into a product of two polynomials C and F. 
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To speed up the system, we are taking the following measures: 
 
2( )( 15 )5a aD p pP P                                                                                                        (23) 
 
From equations (20) and (23), we deduce the coefficients of the polynomial D which are related to 
the coefficients of R and S by Sylvester's matrix. In this way, we can derive the parameters of the RST 
controller in the following way: 
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3.3.4. Fuzzy logic controller synthesis for RSC 
By using equation 10, the rotor current references can be derived as follows: 
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where 
ref
emT is the electromagnetic reference torque deduced from the MPPT strategy. The FLC control 
structure for RSC is depicted in Figure 10. 
 
 
 
 
Figure 10. FLC Controller structure for RSC 
 
 
4. RESULTS AND ANALYSIS 
In this section, simulation results are presented for the studied system. The proposed model is 
implemented in MATLAB/Simulink. To show the performance of the control strategies studied in this work, 
namely FLC, RST controller, and PI controller, we have performed several tests. These tests are carried out 
under the following conditions: Power setpoint variation; Speed variation: at t = 8 [s], →2 :150 [rd/s] → 170 
[rd/s]; DFIG parameter variation: t = 12 [s], Rr →2* Rr. The following WECS parameters are used for 
a simulation [21, 6]: Rs=0.012Ω; Rr=0.021Ω; Ls=0.0137H; Lr=0.0136H; M=0.0135H; J=0.175 kg.m²; 
K=0.0024 N/rd/s; P=2. 
 
4.1.   Reference tracking 
To better appreciate the differences between the proposed controls, the first series of simulations are 
carried out to test the performance in reference tracking. The Power coefficient with MPPT is illustrated in 
Figures 11 and 12. The speed of the generator is shown in Figures 13-15. The stator powers are depicted in 
Figures 16-18. 
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Figure 11. Power coefficient with MPPT (PI) 
 
 
 
 
Figure 12. Power coefficient with MPPT (FLC) 
 
 
   
Figure 13.Speed response (PI) 
 
 
Figure 14. Speed response (RST) 
 
Figure 15. Speed response (FLC) 
 
 
Figure 16. Power response (PI) 
 
Figure 17. Power response (RST) 
 
Figure 18. Power response (FLC) 
 
 
MPPT controllers track the optimum power point at varying wind speeds, keeping the power 
coefficient at its maximum value Cpmax = 0.476. Based on the simulation results, the FLC method reaches 
a steady state with a neglected error. The PI controllers show remarkable oscillations in the steady state. 
According to Figure 13 to 15, the response time of the PI and FLC controllers is better than the RST method, 
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but at the same time, a significant overshoot is observed for the PI controller. Besides, for the powers  
(Figure 16 to 18): the fuzzy controller has a faster response time and a faster transient response compared to 
the RST controller. 
 
4.2.   Robustness test of the proposed commands 
To test the robustness of the proposed control strategies we have introducing a variation in  
the parameters of the generator, such as variation of 50% in the rotor resistance (Rr) introduced at t = 12.  
To test the robustness of the proposed controls and its sensitivity to parametric variations of the machine,  
the value of the rotor resistance has been varied as mentioned at the beginning of this section. The results in 
Figure 21 show that the FLC is less sensitive to parametric variations compared to PI see Figure 19 and RST 
see Figure 20 controls. It can be seen that the stator powers always follow their references. However, 
an increase in power fluctuations, as shown in Figure 19, is observed in the case of the PI controller. 
According to results, the fuzzy controller has a clear advantage: Fewer oscillations at start-ups and 
during setpoint changes. The peaks of disturbances are much less significant with the FLC in particular. 
Figures 22 and 23 show the waveform of the currents for the FLC. The current has a sinusoidal waveform, 
in both the stator and the rotor circuit. As well, the amplitude and frequency of the rotor current vary with 
the speed of the generator. Very good quality of the currents under the proposed control can also be observed. 
 
 
 
Figure 19. Power response (PI) 
 
Figure 20. Power response (RST) 
 
Figure 21. Power response (FLC) 
 
 
 
 
Figure 22. Rotor current response 
 
 
 
 
Figure 23. Stator current response 
 
 
5. CONCLUSION 
This work has been devoted to the study, modelling and research of robust control laws for  
a DFIG-based wind energy conversion and production system. For this reason, the different components of 
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our system have been studied and modelled. The control laws and control strategies, namely fuzzy logic 
control, RST controllers, and classical PI control have been designed to ensure that the wind turbine can 
operate over a wide range of wind speeds and to get the maximum possible power out of it.  
The results show that the FLC presents a better performance compared to conventional PI and RST 
controllers, which makes the fuzzy controller an acceptable choice for wind energy conversion systems 
requiring precisely tuning and less sensitive to external disturbances and parametric variations. The main 
interest of fuzzy logic control lies in its ability to control a system without depending on its parameters.  
Its effectiveness is proven when the modelling of a system is difficult, which is the case of our studied system. 
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